Immunocytochemistry is a versatile, useful tool that can be used to confirm the location of known sites of storage or binding of antigens, and to make exciting new discoveries, such as the detection of unusual combinations of antigens at a particular storage or binding site. When unusual combinations of antigens are found by immunocytochemical techniques, physiologists are challenged to explain the biological significance of the discovery and histochemists are challenged to validate the unusual staining pattern.
Validation of an immunocytochemical stain involves a simple series of tests (1) . Buffer, normal sera, or another antiserum are substituted for the primary antiserum to establish that a stain is dependent on a complete series of reactants, which are added in sequence. These method controls should then be extended to tests of the enzyme reaction (if immunoenzyme methods are used) or tests for endogenous biotin (if avidin-biotin systems are employed).
Validation also involves tests of the specificity of the antiserum for the antigen in question (1) . For these tests, the antiserum is preabsorbed with the antigen before staining. Similar tests are conducted with antigens that contain related sequences or antigenic sites. Such tests are sometimes unreliable because of antigen impurity, the failure of the antigen to neutralize antibody activity completely, or the presence of any tissue binding sites for the antigens. The last two problems can be avoided if antigens that are attached to beads are used (solid-phase immunoabsorption tests). A radioimmunoassay (RIA) may serve as an adjunct test for specificity but cannot be considered a conclusive test by itself because it may not detect cross-reactive antibodies (13, 20) . An RIA is designed to test only those antibodies that react with the labeled (iodinated or tritiated) antigen.
'Presented as part of the program at the 1982 Joint Meeting of the American and Japanese Histochemical Societies, held in Vancouver, British Columbia, Canada, July [20] [21] [22] [23] [24] 1982 The purpose of this article is to describe additional validation techniques that may be useful, particularly in those cases in which specificity tests are either inconclusive or unavailable. These validation techniques may also be useful when the findings are controversial. Three techniques will be discussed: correlative bioassays or radioimmunoassays; tests of multiple fixation and embedding techniques; and tests with multiple staining techniques.
Correlative Bioassays and Radioimmunoassays
In the first type of validation, the antigens in a region or group of cells are assayed. Identical changes in antigen concentration and bioactivity often may be detected by both the specific assay and the cytochemical stain (6) .
In our work on anterior lobe corticotropes, for example, the concentration of bioactive and immunoreactive adrenocorticotropic hormone (ACTH) decreased greatly in the anterior lobe 24 hr after adrenalectomy (21) . The stained cells were poorly granulated, which correlated with the apparent release of stored ACTH. An increase in average cell area occurred, which indicated that the cells had been stimulated. Thus, the combined bioassay, radioimmunoassay, and cytochemical data presented a picture of a cell that was secreting too rapidly for a buildup of stored ACTH to take place. The rapid secretion by exocytosis may add membranes to the surface and thus cause the expansion in cell area ( Table 1) .
In this study, the light microscopic fields were stained with the avidin-biotin-peroxidase complex (ABC) technique and 1:20,000 anti 25-39ACTH (Figures 1 and 2 ; see Table 1 for correlative data). This multidimensional approach defined the staining sites more completely and provided internal sets of controls for all of the assays that were tested.
In some cases, the physiological test that is chosen does not validate the stain. In the rat neurointermediate lobe (NI), the ratio of bioactive to immunoreactive ACTH is low and the stains show no changes 24 hr after adrenalectomy. Table  2 shows that the bioassay and immunoassay data correlated with the stains in the NI. The table indicates that most of what we stained was not bioactive ACTH. This agrees with the
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A Figure 1 . Semithin (1 µm) section of anterior lobe from normal male rat stained with a 1:20,000 dilution of anti 25-3 ACTH and the ABC technique. ACTH cells (a) are stellate and contain peripheral granules. Original magnification x 640. Bar = 20 µm. known identity of the types of peptides in the rat intermediate lobe (23) . We must then look further for the physiologic significance of the ACTH staining sites. Some investigators believe that the stain is caused by a prohormone for a-melanocyte-stimulating hormone (aMSH) (23) . In rats, however, since 50% of NI bioactive ACTH is depleted after sound stress (21) , perhaps cells that stimulate the adrenal may be present in the rat NI. Morphological studies by Stoeckel et al. support this hypothesis (24) , but unfortunately, our stains cannot differentiate these cells or granules from those that contain pro-hormones because the same sequences are found in the prohormones as in aMSH.
This problem demonstrates that a simple specificity test for anti-ACTH will not validate the stain in cells from the rat NI. Instead, data from bioassays, high-performance liquid chromatography (HPLC) and additional physiological tests must be used for validation to be complete. The validation of extrapituitary ACTH staining sites, such as those in the brain and gastrointestinal (GI) tract (18) (21) ; ng/mg anterior lobe wet weight 'Significantly different from normal values.
Another example of this type of validation can be seen in the use of correlative immunocytochemical studies of multiple antigens. In one's search for the significance of the peptides in the intermediate lobe, one can also stain for substances known to stimulate or inhibit their release. Recently, Westlund demonstrated staining for serotonin in the intermediate lobe nerve fibers. Beaded fibers penetrate the lobe at its rostral end and ramify among the parenchymal cells ( Figure 3 ). These fibers also enter the anterior lobe from its capsule and rostral zones and penetrate the first 2-3 cell layers. This staining pattern can be correlated with the presence of serotonin receptors on specific pituitary cell types and thus adds another dimension to structure-function relationships in the pituitary (27) .
A final example of validation by correlative assays shows how immunocytochemical techniques can be more sensitive than the assay in revealing antigenic sites. In our recent studies of pituitary cell fractions that were separated by centrifugal elutriation, most of the luteinizing hormone (LH) content was found in the largest cells (17) .
Our correlative stains showed that the heaviest fractions contained 50-70% LH cells, and that most of the LH eluted at 37.5 mllmin (5) . They also showed, however, that fractions that eluted at 15.7-10 mUmin contained 12% LH or folliclestimulating hormone (FSH) cells (5) . These gonadotropes are too small and poorly granulated to be detected by RIA ( Figure  4 ). Thus, in order to validate the staining site, further biological tests must pivot around the immunocytochemical stain itself.
Tests of Multiple Fixation and Embedding Techniques
Many histochemists validate their stains with the use of multiple preparation conditions. Each staining method has advantages and disadvantages (1) and, therefore, a complete picture of the staining pattern may emerge only after several techniques have been used. Excellent examples of such studies (of pituitary cells) are found in the work of Tougard et al. (25, 26) and Dacheux (10) .
This approach can also be used to test morphometric studies of different pituitary cell types. Ongoing studies in our laboratory require morphometric analysis of percentages of different given cell types in either intact or dissociated tissue. To test the effect of dissociation, fixation, or embedding processes on cell types had been subjected to various preparative techniques, each cell type was counted (Table 3 ).
Our tests indicated that the percentages of each pituitary cell type that stained after embedding (in Araldite 6005) were nearly identical to those that stained before embedding (Table  3) . Thus, neither dissociation, chemical fixation, nor epoxy embedding destroyed certain antigens in a particular cell type. These data help to validate the use of chemical fixation and plastic embedding to preserve and stabilize pituitary antigens. We propose that, if the fixation is adequate, neither the dehydration nor the embedding process affects the immunoreaction that is used to identify a given cell type. We do not suggest, however, that all the staining sites in a given cell type are preserved equally well by all fixatives. In fact, some cytoplasmic or rough endoplasmic reticulum (RER) antigens are selectively removed by the embedding process (10, 25, 26) .
Once the stain is established, we have found that it can also be extracted from the cells by the mounting process. We recently attempted to double-label gonadotropes and achieved a successful combination that included a dense black reaction for FSH f3 and a reddish-brown reaction for LH/3 (14) . The cells that contained FSH and LH were first identified before mounting. When the same fields were examined after mounting, the LH-FSH cells contained holes where the black granules had been. Since this problem was severe only when a double-labeling technique was applied, we suggest that the unusually heavy deposition of stain was removed more easily during mounting. Thus, negative results in immunocytochemistry do not always indicate that the antigens are denatured by the fixation or embedding processes. Our studies suggest that lack of staining can also result if the antigens or the immunoreactants are not fixed or stabilized adequately in the tissue. The potentially damaging effects of the washes and the peroxidase stains cannot be ignored, and we suggest that some of the problems that are encountered with weak or absent stains may be solved by shifting to more stable fixation or embedding procedures, different types of stains, or both. We eventually followed this procedure for RER stains at the electron microscopic level.
The ideal staining method for electron microscopy has a reaction product that is small enough to allow staining at all sites and that is combined with a tissue preparation method which will allow the identification and distinction of the various organelles (1) . Over the last 10 years, many investigators have tried to improve preparative methods so that membrane and organelle ultrastructure can be preserved, and denaturation or destabilization of the antigens will not occur. In our early studies of sites of activity of glycoproteins, we reported that the best fixative for the granule storage sites was 4% p-formaldehyde (19) . In these studies, staining did not occur (or was impossible to discern) in regions that we assumed to be the Golgi complex or RER. Tougard et al. (25, 26) and Dacheaux (10) have shown that glycoprotein hormone stains also appear in RER profiles and cytoplasm if they are applied before embedding.
We have since shown that if glutaraldehyde fixation is used, glycoprotein hormone molecules are well-preserved in RER after embedding. The stain, however, is strongest in stimulated cells (3, 19, 22) (Figures 5-7) . Thus, this RER stain may appear because there are more mature molecules in these regions after stimulation by the releasing hormone. Perhaps the molecules in the RER regions become so concentrated after stimulation that enough remain for staining after embedding. In any case, we do know that RER antigens can be detected after glutaraldehyde fixation and epoxy embedding (3, 22) .
Our more recent tests with the avidin-biotin-peroxidase complex (ABC) technique show that RER antigens can be detected more readily in unstimulated gonadotropes that are fixed in 1-2% glutaraldehyde and embedded in Araldite 6005 (Figure 7 ). This may indicate that the lack of RER staining with components of the peroxidase-antiperoxidase (PAP) complex technique (3, 19, 22) may also be due to their relatively lower affinity binding. Perhaps the RER antibody binding sites are more easily broken during the washes or the prolonged incubations (48 hr) in the diluted primary antisera. The ABC method includes a brief (2-4 hr) reaction time in primary antibody. Also, the affinity of avidin for biotin is high (10 -15 M dissociation constant) (6, 7, 15) , hence, these factors may stabilize and prevent dissolution of RER antigens during the stain.
Tests with Multiple Staining Techniques
We recently introduced the use of the ABC method developed by Hsu et al. (15) for the localization of antigens in the pituitary, and compared our findings with those produced with the PAP complex technique (6, 7) . The same cell types were localized with both methods, but the ABC complex produced a stain that was more efficient and appeared to be more stable than that produced with the PAP complex (6, 7) . With the Figure 7 . Dissociated LH gonadotrope in the enriched gonadotrope fraction separated by elutriation (5, 17) . Fixed and embedded as in Figure 4 , and stained with 1:50,000 anti bLH/3 and the ABC technique (7) . Stain is on granules and RER (r) sacs. Original magnification x 13,333. Bar = I µm. ABC technique, antigenic sites could be identified in highly diluted primary antisera in one-tenth to one-fourth the time that the PAP method requires.
In these studies, we decided to validate the staining sites further with the use of colloidal gold-coated with protein A (pA) or goat anti-rabbit immunoglobulin (Ig)G, an approach that has been used by Coulter et al. in recent studies of antigens in the neural lobe (8) . First, the same dilutions of primary antisera that were used in the immunoperoxidase technique were applied for 24-48 hr. No labeling with undiluted pA or IgG-coated colloidal gold was observed. At that point we could have concentrated the primary antibody to 1:500-1:1,000, but were reluctant to do this because of the known cross-reactivity of the polyclonal antisera (13) .
We decided, therefore, to test the colloidal gold system by running the PAP complex technique and then staining the immunoglobulins with colloidal gold that was coated with protein. We found that the same LH cells that were labeled with PAP also stained with the undiluted protein A-coated colloidal gold ( Figure 8 ). Thus, the necessary sensitivity for staining can be achieved with colloidal gold if the sensitive PAP complex technique is run first. Therefore, gold stains must require a larger number of IgG reactive sites on the granules or RER to be detected.
Not all reactive sites label with PAP-pA-colloidal gold (Figures 5-8 ). Sometimes only a part of a granule is labeled and only certain regions in the RER are reactive. This inconsistent labeling pattern points to possible limitations in both techniques. The colloidal gold stains may not identify all PAP reactive sites and the immunoperoxidase stains have a reaction product that is known to diffuse to adjacent sites. To discover the real labeling pattern, therefore, a third technique that employs avidin-gold and a more stabilized linkage to biotinylated antibody may be useful.
In summary, we can no longer limit ourself to a single preparative or staining technique in a given study. Instead, we can learn from neuroscientists, who are constantly introducing new ways to trace fiber tracts. Our past experience has shown clearly that a complete view of staining sites and their significance will emerge only after several approaches are used.
These approaches can be used to validate one another if they produce similar results. Diverse results may point to particular advantages or limitations of a certain method.
